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ELECTRONIC CONTROL UNIT 

BACKGROUND OF THE INVENTION 
The present invention relates to an electronic control unit 
5 containing an electronic device and preferably applied to engine control 
units (ECUs) for engines. 

An electronic control unit suitable for use in the ECUs has a 
printed circuit board where a plurality of electronic devices, such as a 
microcomputer, are mounted. The electronic control unit also has a case 
10 in which the printed circuit board is contained. 

A conventional electronic control unit is illustrated in Fig. 12. In 
Fig. 12, a connector J2 is attached to one side wall J la of a case Jl for 
containing the printed circuit board. 

That is, the case Jl is formed at its one side wall J la with a 
15 concave groove J3 having a substantially trapezoidal shape. The 
connector J2 is fixedly fitted in the concave groove J2 through a seal 
member J4. The seal member J4 is disposed between an outer 
peripheral portion of the connector J2 and an inner peripheral portion of 
the concave groove J3 to be closely adhered on them. This gives a 
20 waterproof connection between the connector J2 and the case Jl. 

The outer peripheral portion of the connector J2 includes a lateral 
surface J7 and a longitudinal surface J8. The longitudinal length of the 
longitudinal surface J8 is longer than that of the lateral surface J7. The 
first and longitudinal surfaces J7 and J8 are parallel to each other. 
25 The outer peripheral portion also includes an inclined side surface 

J5 connecting one end of the lateral surface J7 and one end of the 
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longitudinal surface J8, and an inclined side surface J6 connecting the 
other end of the lateral surface J7 and other end of the longitudinal 
surface J8. The inclined side surfaces J5 and J6 are not paralleled to 
each other. 

5 The inner peripheral portion of the concave groove J3 includes a 

base surface J9 opposed to the lateral surface J7. The inner peripheral 
portion of the concave groove J3 also includes an inclined side surface 
J 10 connected at its one end portion to one end of the base surface J9 
and opposite to the inclined side surface J5. The inner peripheral portion 

10 of the concave groove J3 also has an inclined side surface Jll connected 
at its one end portion to the other end of the base surface J9 and opposite 
to the inclined side surface J6. 

The connector inclined angle X between the lateral surface J7 and 
the inclined side surface J5 and that between the lateral surface J7 and 

15 the inclined side surface J6 are equal to each other. Similarly, the case 
inclined angle Y between the bottom surface J9 and the inclined side 
surface J 10 and that between the bottom surface J9 and the inclined side 
surface Jll are equal to each other. In addition, the connector inclined 
angle X and the case inclined angle Y are also equal to each other. 

20 In the structure of the electronic control unit, if the connector J2 

thermally expands, as shown in Fig. 13, the dimensional change of the 
longitudinal surface J8 is larger than that of the lateral surface J7. This 
causes the seal member J4 in part of its longitudinal surface J8 side to be 
highly compressed so that a crack may occur in the seal member J4. 

25 If the crack occurs in the seal member J4 between the connector 

J2 and the case Jl, it might be difficult to maintain the airtightness 
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environment of the electronic control unit. 

This problem may become much more prominent when the 
connector J2 is made of a material with a first linear expansion coefficient 
and the case Jl is made of another material with a second linear 
5 expansion coefficient that is different from the first liner expansion 
coefficient. 

In addition, if the case inclined angles are shapely inclined, when 
fitting the connector J2 into the inner peripheral portion of the concave 
groove J3, on which the seal member J4 is previously adhered, the 
10 connector J2 may press the seal member J4 in part of its longitudinal 
surface J8 side into the base surface J9 side of the case J 1 (low side in Fig. 
14A). 

If the part of seal member J4 in its longitudinal surface J8 side is 
pressed into the base surface J9 side of the case Jl, the fill quantity of the 
15 seal member J4 may be insufficient at the gaps G between the 
longitudinal side portion of the connector J2 and each other end portion 
of each of the inclined side surfaces J 10 and Jl 1 (see Fig. 14B). 

The full quantity of seam member J4 may be inadequate in 
maintaining the airtightness of the electronic control unit between the 
20 connector J2 and the case J 1 . 

SUMMARY OF THE INVENTION 
The present invention is made on the background. 
Accordingly, it is an object of the present invention to provide an 
25 electronic control unit capable of sufficiently maintaining the airtightness 
thereof: 
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According to one aspect of the present invention, there is provided 
an electronic control unit. The electronic control unit comprises a 
connector having a lateral surface, a longitudinal surface opposite to the 
lateral surface, and a pair of first inclined portions connecting the lateral 
5 surface and the longitudinal surface. At least one of the first inclined 
portions is inclined with respect to the lateral surface at a first angle. The 
electronic control unit also comprises a case having a peripheral side 
portion formed with a concave groove in which the connector is fitted with 
a clearance portion therebetween. The concave groove comprises a base 

10 surface opposite to the lateral surface of the connector and a pair of 
second inclined portions opposite to the first inclined portions, 
respectively. At least one of the second inclined portions opposite to the 
at least one of said first inclined portions is inclined with respect to the 
base surface at a second angle. The second angle is larger than the first 

15 angle. The electronic control unit comprises a seal member disposed in 
the clearance portion between the connector and the concave groove of the 
case so that the seal member seals the clearance portion therebetween. 

According to another aspect of the present invention, there is 
provided an electronic control unit. The electronic control unit comprises 

20 a connector having a lateral surface, a longitudinal surface opposite to the 
lateral surface, and a pair of first inclined portions connecting the lateral 
surface and the longitudinal surface. The electronic control unit also 
comprises a case having a peripheral side portion formed with a concave 
groove in which the connector is fitted with a clearance portion 

25 therebetween. The concave groove comprises a base surface opposite to 
the lateral surface of the connector; and a pair of second inclined portions 
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opposite to the first inclined portions, respectively. The electronic control 
unit comprises a seal member disposed in the clearance portion between 
the connector and the concave groove of the case so that the seal member 
seals the clearance portion therebetween. A first clearance is formed 
5 between each first inclined portion of the connector and each second 
inclined portion of the case and positioned parallely in adjacent to the 
longitudinal surface of the connector. A second clearance is formed 
between each first inclined portion of the connector and each second 
inclined portion of the case and positioned parallely in adjacent to the 

10 lateral surface of the connector. The first clearance is wider than the 
second clearance. 

According to further aspect of the present invention, there is 
provided an electronic control unit. The electronic control unit comprises 
a connector having a lateral surface, a longitudinal surface opposite to the 

15 lateral surface, and a pair of first inclined portions connecting the lateral 
surface and the longitudinal surface. The electronic control unit also 
comprises a case having a peripheral side portion formed with a concave 
groove in which the connector is fitted with a clearance portion 
therebetween. The concave groove comprises a base surface opposite to 

20 the lateral surface of the connector; and a pair of second inclined portions 
opposite to the first inclined portions, respectively. At least one of the 
inclined portions is formed with at least partially a plurality of stepped 
portions over an inclination direction of the at least one of the inclined 
portions. The control unit further comprises a seal member disposed in 

25 the clearance portion between the connector and the concave groove of the 
case so that the seal member seals the clearance portion therebetween. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Other objects and aspects of the invention will become apparent 
from the following description of embodiments with reference to the 
5 accompanying drawings in which: 

Fig. 1 is an exploded perspective view of an electronic control unit 
according to a first embodiment of the present invention, which illustrates 
a state that a connector of the electronic control unit is attached to a case 
thereof; 

10 Fig. 2 is a front view of the electronic control unit shown in Fig. 1 

in a state that the connector is completely attached to the case; 

Fig. 3 is an enlarged view of the electronic control unit shown in 

Fig. 2 

Fig. 4A is a front view of the electronic control unit according to 
15 the first embodiment in a state that the connector is inserted into a 
concave groove of the case according to the first embodiment of the 
present invention; 

Fig. 4B is a front view of the electronic control unit according to 
the first embodiment in a state that the connector is already fitted in the 
20 concave groove of the case through a seal member according to the first 
embodiment of the present invention; 

Fig. 5 is a front view of the electronic control unit shown in Fig. 1 
in a state that the connector thermally expands according to the first 
embodiment of the present invention; 
25 Fig. 6 is a front view of an electronic control unit to which the 

connector is attached according to a second embodiment of the present 
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invention; 

Fig. 7 is a front view of an electronic control unit to which the 
connector is attached according to a third embodiment of the present 
invention; 

Fig. 8 is a front view of an electronic control unit to which the 
connector is attached according to a modification of the third embodiment 
of the present invention; 

Fig. 9 is a perspective view of an electronic control unit according 
to a fourth embodiment of the present invention; 

Fig. 10 is a perspective view of an electronic control unit according 
to a modification of the fourth embodiment of the present invention; 

Fig. 1 1 is a perspective view of an electronic control unit according 
to another modification of the fourth embodiment of the present invention; 

Fig. 12 is a view illustrating a conventional electronic control unit; 

Fig. 13 is a front view of the electronic control unit shown in Fig. 
12 in a state that a connector thermally expands; 

Fig. 14A is a front view of the electronic control unit shown in Fig. 
12 in a state that the connector is inserted into a concave groove of the 
case; and 

Fig. 14B is a front view of the electronic control unit shown in Fig. 
12 in a state that the connector is completely fitted in the concave groove 
of the case. 

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 
Embodiments of the invention will be described hereinafter with 
reference to the accompanying drawings. 



(First embodiment) 

Fig. 1 is an exploded perspective view of an electronic control unit 
EC according to a first embodiment of the present invention, which 
illustrates a state that a connector 2 of the electronic control unit EC is 
5 attached to a case 1 thereof. Fig. 2 is a front view of the electronic control 
unit EC in a state that the connector 2 is completely attached to the case 
1. 

The electronic control unit EC according to the first embodiment is 

applied to an ECU for engines. 
10 As shown in Figs. 1 and 2, the case 1 has, for example, a 

substantially rectangular parallelepiped shape and is made of a material 

having a first linear expansion coefficient, for example, metal such as 

aluminum or resin. 

The case 1 has a rectangular bottom wall la and a top opened 
15 surface opposite thereto. The case 1 also has a pair of longitudinal side 

walls lbl and lb2 extending upwardly from the two longitudinal sides of 

the bottom wall la, respectively. The case 1 further has a pair of lateral 

side walls lb3 and lb4 extending upwardly from the two lateral sides of 

the bottom wall la, respectively. 
20 One of the side walls lbl-lb4, such as the lateral side wall lb4 is 

formed with a concave groove 15 having a substantially inverted isosceles 

trapezoidal shape. 

That is, the concave groove 15 has an inner peripheral portion that 

is composed of a rectangular bottom surface (lateral base surface) 15a 
25 parallel to the bottom wall la of the case 1, and a pair of rectangular 

inclined surfaces 15bl and 15b2 which are not parallel but have equal 
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longitudinal lengths. 

One longitudinal end portion of one inclined surface 15bl is 
connected to one lateral side of the bottom surface 15a, and one 
longitudinal end portion of the other inclined surface 15b2 is connected to 
5 the other lateral side of the bottom surface 15a. 

Each of the inclined surfaces 15bl and 15b2 is inclined outwardly 
with respect to the bottom surface 15a at an angle B within the range 
from approximately 96° to approximately 131° . The angle B is referred 
to as "case inclined angle" hereinafter. Other longitudinal end portions of 
10 the inclined surfaces 15bl and 15b2 of the concave groove 15 are 
connected to the top peripheral surface TS of the case 1 . 

The connector 2 is made of, for example a material with another 
material against the case 1, which has a second linear expansion 
coefficient different from the first liner expansion coefficient. In particular, 
15 the second linear expansion coefficient is larger than the first linear 
expansion coefficient. 

The connector 2 has a substantially isosceles trapezoidal shape 
that substantially corresponds to the shape of the concave groove 15 of 
the case 1 . 

20 That is, the connector 2 is composed of a lateral surface (lateral 

base surface) 2a corresponding to one base of the isosceles trapezoidal 
shape, and a longitudinal surface (longitudinal base surface) 2b opposed 
thereto and corresponding to the other base thereof. 

The lateral surface 2a is defined in that its area is smaller than 

25 that of the longitudinal surface 2b. In particular, in a case where each of 
the lateral surface and longitudinal surface has a substantially 
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rectangular shape, the longitudinal length of the lateral surface 2a is 
shorter than that of the longitudinal surface 2b. The lateral and 
longitudinal surfaces 2a and 2b are parallel to each other. 

The connector 2 also has a pair of inclined surfaces 2c 1 and 2c2 
5 connecting both lateral sides of the lateral surface 2a to both lateral sides 
of the longitudinal surfaces 2b, respectively. 

As shown in Figs. 1 and 2, a printed circuit board 10 as an 
electronic circuit unit, where a plurality of electronic devices such as a 
microcomputer are mounted is mechanically and electrically connected to 
10 the longitudinal surface 2b of the connector 2 to be parallel thereto. 

The connector 2 is inserted from its lateral surface 2a side into the 
concave groove 15 so that the connector 2 is fixedly fitted therein through 
a seal member 3 disposed between the connector 2 and the concave 
groove 15. That is, the connector 2 is fitted in the concave groove 15 with 
15 a clearance portion therebetween. The seal member 3 is filled in the 
clearance portion, whereby the connector 2 and the concave groove 15 are 
fixed and sealed. 

The longitudinal surface 2b is located at the opened longitudinal 
base of the concave groove 15 so that the longitudinal surface 2b is 
20 substantially parallel to the top peripheral surface TS of the case 1. The 
inclined surfaces 2c 1 and 2c2 of the connector 2 are opposite to the 
inclined surfaces 15bl and 15b2 of the concave groove 15 through the 
seal member 3, respectively. 

Each of the inclined surfaces 2c 1 and 2c2 of the connector 2 is 
25 inclined outwardly with respect to the lateral surface 2a thereof at an 
angle A within the range from approximately 95° to approximately 130° 
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so that the angle A is smaller than the case inclined angle B of each of the 
inclined surfaces 15bl and 15b2 of the case 1. The angle A is referred to 
as "connector inclined angle" hereinafter. 

In this first embodiment, the difference between the case inclined 
5 angle B and the connector inclined angle A is set equal to 1° (degree) or 
more. 

This difference between the case inclined angle B and the 
connector inclined angle A allows, at ambient temperature, the clearance 
portion in part of its longitudinal surface 2 b side of the connector 2 to be 
10 wider than that in part of its lateral surface 2a side thereof. 

In addition, the seal member 3 is made of, for example, a liquid 
material such as silicon or an elastic material. The seal member 3 is 
filled between the connector 2 and the case 1 to be closely adhered on the 
surfaces 2a, 2c 1 and 2c2 of the connector 2 and surfaces 15a, 15cl and 
15 15c2 of the concave groove 15, which allows the connection between the 
case 1 and the connector 2 to be waterproof. 

It is noted that, in this first embodiment, the compressibility of the 
part of the seal member 3 that is adjacent to the longitudinal surface 2b 
in the longitudinal direction is referred to as "CM2". Similarly, the 
20 compressibility of the part of the seal member 3 that is adjacent to the 
lateral surface 2a in the longitudinal direction is referred to as "CMl". 

In the electronic control unit EC, the compressibility CM2 is set to 
be equal to or less than the compressibility CM 1 . 

Then, in order to concretely represent the compressibility CM 1 and 
25 the compressibility CM2, the second linear expansion coefficient is 
represented as a , and the operating temperature of the electronic control 
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unit CE (the temperature of connector 2), is represented as T. In addition, 
as shown in Fig. 3, the longitudinal length of the lateral surface 2a of the 
connector 2 is represented as CI, and the longitudinal length of the 
longitudinal surface 2b thereof is represented as C2. 
5 Moreover, the clearance of the clearance portion formed between 

the one lateral side of the inclined surface 2c2 (2c 1) of the connector 2 and 
the portion PI of the lateral surface 15a side of the inclined surface 15b2 
(15bl) which is an extension of the lateral surface 2a is represented as SI. 

Furthermore, the clearance of the clearance portion formed 
10 between the longitudinal surface 2b side end of the inclined surface 2c2 
(2c 1) of the connector 2 and the other longitudinal end portion of the 
inclined surface 15b2 (15bl) along the longitudinal surface direction is 
represented as S2. The clearance S2 is wider than the clearance SI. 

Based on the above representations, the compressibility CM1 is 
15 represented as the following equation: 

CM1 = ({aT • Cl-Cl)/2)/Sl 

In addition, the compressibility CM2 is represented as the 
following equation: 

CM2 = (( aT • C2-C2)/2)/S2 
20 In this first embodiment, these values of a, T, CI, C2, SI, and S2 

are set so that the compressibility CM1 is equal to or larger than the 
compressibility CM2. That is, these values are set to satisfy the following 
equation: 

((aT-Cl-Cl)/2)/Sl ^ ((aT-C2-C2)/2)/S2 
25 When assembling the electronic control unit EC, the seal member 

3 is applied on at least one of the case 1 and connector 2. That is, the 
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seal member 3 is applied on either the surface portion (surfaces 2a, 2c 1 
and 2c2) of the connector 2 or the surface portion (surfaces 15a, 15bl and 
15b2) of the concave groove 15 of the case 15. 

After the seal member applying process, as shown in Figs. 1 and 
5 4A, the connector 2 is inserted to be fitted in the concave groove 15 of the 
case 1 through the seal member 3. When the connector 2 is fitted in the 
concave groove 15, the surfaces 2a, 2c 1 and 2c2 of the connector 2 are 
closely adhered on the seal member 3, and the surfaces 15a, 15bl and 
15b2 of the concave groove 15 are also closely adhered on the seal 

10 member 3 (see Fig. 4B). 

Incidentally, the inventors of the present invention actually 
prepared the case 1 and the connector 2 which are made of polybutylene 
terphthalate (PBT) so that each inclined angle A of each inclined surface 
2c 1, 2c2 of the connector 2 is set to approximately 95° , and each 

15 inclined angle B of each inclined surface 15bl, 15b2 of the concave groove 
15 is set to approximately 107° . The inventors used the prepared case 1 
and the connector 2 to actually assemble the electronic control unit EC in 
accordance with the above assembling process. 

That is, when inserting the connector 2 in the concave groove 15 of 

20 the case 1 to fit it therein, the seal member 3 is pressed by the lateral 
surface 2a and the inclined surfaces 2c 1 and 2c2 of the connector 2. 

According to the electronic control unit EC, however, the inclined 
angle A of each inclined surface 2c 1, 2c2 of the connector 2 is smaller 
than the inclined angle B of each inclined surface 15bl, 15b2 of the 

25 concave groove 15 (see Fig. 4B). This structure allows the amount of the 
seal member 3 that is pressed toward the lateral surface 15a side of the 
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concave groove 15 to decrease. The fill quantity of the seal member 3 
adjacent to the longitudinal surface 2b of the connector 2 cam be 
sufficiently kept, making it possible to sufficiently maintain the 
airtightness of the electronic control unit EC between the connector 2 and 
5 the case 1 . 

In addition, in this first embodiment, the connector inclined angle 
A of each inclined surface 2c 1, 2c2 of the connector 2 is set to be smaller 
than the case inclined angle B of each inclined surface 15bl, 15b2 of the 
case 1 . This relationship between the connector inclined angle A and the 

10 case inclined angle B allows the thickness of the seal member 3 in part of 
its longitudinal surface 2b side in the longitudinal direction to be larger 
than that of the seal member 3 in part of its lateral surface 2a side in the 
longitudinal direction. 

The increase of the thickness of the seal member 3 in part of its 

15 longitudinal surface 2b side allows, even if the longitudinal surface 2b side 
of the connector 2 thermally expands, the stress caused by the 
connector's thermal expansion to be absorbed by the thickness of the seal 
member 3 in part of its longitudinal surface 2b side. 

In addition, according to the first embodiment, the clearance S2 is 

20 formed between the longitudinal surface 2b side end of each inclined 
surface 2c 1, 2c2 of the connector 2 and the other lateral end portion of 
each inclined surface 15bl, 15b2 of the case 1 and is positioned parallely 
in adjacent to the longitudinal surface 2b. The clearance SI is formed 
between the lateral surface 2a side end of the inclined surface 2c 1, 2c2 of 

25 the connector 2 and the lateral surface 15a side of the inclined surface 
15bl, 15b2 of the case 1 and is positioned parallely in adjacent to the 
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lateral surface 2a. 

Because the clearance S2 is wider than the clearance SI, even if 
the connector 2 thermally expands, as shown in Fig. 5, this structure 
prevents the excessive increase of the compressibility of the case 1 in part 
5 of its longitudinal surface 2b side. Consequentiy, it is possible to prevent 
cracks from occurring in the longitudinal surface 2b side of the seal 
member 3. 

Moreover, in the first embodiment, in a case where the connector 2 
thermally expands, the compressibility CM2 of the seal member 3 in part 
10 of its longitudinal surface 2b side is set to be equal to or less than the 
compressibility CM 1 of the seal member 3 in part of its lateral surface side 
2a. 

This structure prevents the compressibility CM2 from increasing 
as compared with the compressibility CM1, thereby further effectively 
15 preventing cracks from occurring in the longitudinal surface 2 b side of the 
seal member 3. 

Incidentally, the difference between the connector inclined angle A 
and the case inclined angle B may be variable according to the usable 
environment of the electronic control unit EC, the specifications thereof, 

20 and the like on the grounds that the material of the case 1 , the dimension 
of the height (lateral length of each side wall) of the case 1 , the material of 
the seal member 4, and other factors on which the difference between the 
inclined angles A and B depends, as long as the fill quantity of the seal 
member 3 adjacent to the longitudinal surface 2b of the connector 2 can 

25 be sufficiently kept, making it possible to sufficiently maintain the 
airtightness of the electronic control unit EC between the connector 2 and 
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the case 1 . 

(Second embodiment) 

Fig. 6 is a front view of an electronic control unit EC 1 according to 
a second embodiment of the present invention. In this second 
5 embodiment, the electronic control unit EC1 has a connector 2X whose 
shape is different from the connector 2 according to the first embodiment. 

Other elements of the electronic control unit EC 1 are substantially 
identical with those of the electronic control unit EC according to the first 
embodiment so that they are assigned to the same reference 
10 characteristics of the electronic control unit EC shown in Fig. 1, and 
explanations thereabout are omitted. 

In this second embodiment, the connector 2X has chamfered 
portions 2dl and 2d2 that are formed by chamfering both of the corner 
portions formed between both of the other lateral ends of the inclined 
15 surfaces 2c 1, 2c2 and both lateral ends of the longitudinal surface 2b of 
the connector 2 shown in Fig. 2. 

That is, the chamfered portions 2dl and 2d2 extend substantially 
orthogonally from both lateral ends of a longitudinal surface 2b 1 toward 
inclined surfaces 2c la and 2c2a of the connector 2 to be connected to 
20 both other ends of the inclined surfaces 2c la and 2c2a. 

The chamfered portions 2d 1 and 2d2 make short the length of the 
longitudinal surface 2b 1 in the longitudinal direction as compared with 
the length of the longitudinal surface 2b. 

This structure makes wide the clearance S2a between the 
25 longitudinal surface 2b 1 side end of each chamfered portion 2dl, 2d2 of 
the connector 2X and the other lateral end portion of each inclined 
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surface 15bl, 15b2 of the case 1, as compared with the clearance S2 
according to the first embodiment. 

The wide of the clearance S2a allows the thickness of the seal 
member 3 at its longitudinal surface 2b 1 side in the longitudinal direction 
5 to be larger than that of the seal member 3 according to the first 
embodiment. 

As a result, it is possible for the thickness of the seal member 3 at 
its longitudinal surface 2b 1 side to absorb the stress caused by the 
connector's thermal expansion more effectively, as compared with the 
10 absorption of the first embodiment. This makes it possible to prevent 
cracks from occurring in the longitudinal surface 2 b side of the seal 
member 3. 

(Third embodiment) 

Fig. 7 is a front view of an electronic control unit EC2 according to 
15 a third embodiment of the present invention. In this third embodiment, 
the electronic control unit EC2 has a case IX whose shape is different 
from the case 1 according to the first embodiment. 

Other elements of the electronic control unit EC2 are substantially 
identical with those of the electronic control unit EC1 according to the 
20 second embodiment so that they are assigned to the same reference 
characteristics of the electronic control unit EC1 shown in Fig. 6, and 
explanations thereabout are omitted. 

In this third embodiment, similar to the first and second 
embodiments, the case IX has the bottom wall la, and the side walls 
25 lbl-lb4, and the side wall lb4 is formed with a concave groove 15X 
having a substantially inverted isosceles trapezoidal shape. 
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The concave groove 15X is composed of the lateral surface 15a, 
and a pair of rectangular inclined surfaces 15b la and 15b2a that are not 
parallel but have equal longitudinal lengths. 

One longitudinal end portion of one inclined surface 15b la is 
5 connected to one lateral side of the lateral surface 15a, and one 
longitudinal end portion of other inclined surface 15b2a is connected to 
other lateral side of the lateral surface 15a. 

Each of the inclined surfaces 15b la and 15b2a is inclined 
outwardly with respect to the bottom surface 15a to be substantially 
10 parallel to each of the inclined surfaces 2c la and 2c2a. 

Other longitudinal end portions 15cl and 15c2 of the inclined 
surfaces 15bl and 15b2 of the concave groove 15, which are opposite to 
the chamfered portions 2dl and 2d2 of the connector 2X, extend to be 
parallel to the chamfered portions 2dl and 2d2, respectively, and 
15 connected to the top surface TS of the case IX. 

That is, in the third embodiment, the other longitudinal end 
portions 15cl and 15c2 of the inclined surfaces 15bl and 15b2 of the 
concave groove 15 are substantially orthogonal to the top surface TS of 
the case IX. 

20 In the third embodiment, each of other end portions 15cl and 

15c2 of the inclined surfaces 15b la and 15b2a is inclined outwardly with 
respect to the bottom surface 15a at a case inclined angle Bl, and the 
connector inclined angle A is smaller than the case inclined angle B 1 . 

This structure makes it possible to obtain the above described 

25 effects related to the relationship between the connector inclined angle A 
and the case inclined angle Bl according to the first embodiment. 
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Incidentally, in the third embodiment, other end portions 15cl 
and 15c2 of the inclined surfaces 15b la and 15b2a are substantially 
parallel to the chamfered portions 2dl and 2d2 and substantially 
orthogonal to the top surface TS of the case IX, but the present invention 
5 is not limited to the structure. 

That is, as shown in Fig. 8, other longitudinal end portions 15dl 
and 15d2 of the inclined surfaces 15bl and 15b2 of the concave groove 
15Y of the case 1Y may extend not to be parallel to the chamfered portions 
2dl and 2d2, respectively. The other longitudinal end portions 15dl and 
10 15d2 of the inclined surfaces 15bl and 15b2 of the concave groove 15 
may be non-orthogonally connected to the top surface TS of the case 1 Y. 

(Fourth embodiment) 

Fig. 9 is a perspective view of an electronic control unit EC3 
according to a fourth embodiment of the present invention. In this fourth 
15 embodiment, the electronic control unit EC3 has a case 1Z whose shape 
is different from the case 1 according to the first embodiment. 

Other elements of the electronic control unit EC3 are substantially 
identical with those of the electronic control unit EC according to the first 
embodiment so that they are assigned to the same reference 
20 characteristics of the electronic control unit EC shown in Figs. 1-5, and 
explanations thereabout are omitted. 

In this fourth embodiment, as well as the first embodiment, the 
case 1Z has the bottom wall la, and the side walls lbl-lb4, and the side 
wall lb4 is formed with a concave groove 15Z having a substantially 
25 inverted isosceles trapezoidal shape. 

The concave groove 15Z is composed of the bottom surface 15a, 
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and a pair of rectangular inclined surfaces 15fl and 15f2 that are not 
parallel but have equal longitudinal lengths. 

One longitudinal end portion of one inclined surface 15fl is 
connected to one lateral side of the bottom surface 15a, and one 
5 longitudinal end portion of other inclined surface 15f2 is connected to 
other lateral side of the bottom surface 15a. 

As shown in Fig. 9, each of the inclined surfaces 15fl and 15f2 is 
formed with a set of sequentially stepped portions SP over the inclination 
direction (longitudinal direction) of each of the inclined surfaces 15fl and 
10 15f2 and inclined outwardly with respect to the bottom surface 15a. 

Each of the stepped portions SP has a comer C with an angle /3 
of approximately 90° 

A virtual line VL connecting each corner CI is inclined with 
respect to the lateral surface 2a at approximately the case inclined angle 
15 B. 

Incidentally, in Fig. 9, the inclined surface 15f2 is only illustrated 
in large scale, and the illustration of inclined surface 15fl, because it is 
substantially identical with the illustration of inclined surface 15f2, is 
omitted. 

20 In this fourth embodiment, when inserting the connector 2 into 

the concave groove 15Z of the case 1Z to fit it therein, the seal member 3 
is pressed by the inclined surfaces 2c 1 and 2c2 of the connector 2. 

According to the electronic control unit EC3, however, the pressed 
seal member 3 is caught by the step portions SP of each of the inclined 

25 surfaces 15fl and 15f2, which prevents the seal member 3 from being 
pressed into the lateral surface 15a side of the concave groove 15Z. 
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This makes it possible to keep the fill quantity of the seal member 
3 in part of its longitudinal surface 2b side, allowing the airtightness of the 
electronic control unit EC3 between the connector 2 and the case 1 to be 
sufficiently maintained. 
5 Incidentally, in this fourth embodiment, each corner C of each of 

the step portions SP has the angle of approximately 90° , but the present 
invention is not limited to the structure. 

That is, as shown in Fig. 10, in each of the inclined surfaces 15fl 
and 15f2, each corner C of the step portions SP1 may have an obtuse 
10 angle j8l. 

In addition, as shown in Fig. 11, each of inclined surfaces 15gl 
and 15g2 may be formed at its longitudinal center part with a set of 
sequentially stepped portions SP2 and inclined outwardly with respect to 
the bottom surface 15a. 

15 Furthermore, in the fourth embodiment, the step portions SP (SP1, 

SP2) are formed on each of the inclined surfaces of the concave groove 
according to the first embodiment, whose case inclined angles B are 
different from the connector inclined angles A of the connector 2. The 
present invention, however, is not limited to the application. 

20 That is, each of the inclined side surfaces J 10 and Jll of the 

concave groove J3 shown in Fig. 12 may be formed with the step portions 
SP (SP1, SP2). 

According to this modification, when the connector J2 is inserted 
into the concave groove J3 of the case Jl, the seal member J4 is pressed 
25 by the inclined side surfaces J5 and J6 of the connector J2. 

This structure, however, allows the pressed seal member J4 to be 
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caught by the step portions SP (SP1, SP2) of each of the inclined side 
surfaces J 10 and Jll, making it possible to prevent the seal member J4 
from being pressed into the base surface J9 side of the concave groove J3. 

Moreover, in each of the first to fourth embodiments and 
modifications of the present invention, the present invention is applied to 
each of the electronic control units used in ECUs for engines. The 
present invention, however, may be applied to another electronic control 
unit for another device. 

Incidentally, in each of the first to fourth embodiments and their 
modifications, the case has a substantially rectangular parallelepiped 
shape, but the present invention is not limited to the structure. That is, 
the case may have a peripheral side portion, such as a tubular side wall 
which is formed with a concave groove in which the connector is fitted 
with a clearance portion therebetween. 

While there has been described what is at present considered to be 
the embodiments and modifications of the invention, it will be understood 
that various modifications which are not described yet may be made 
therein, and it is intended to cover in the appended claims all such 
modifications as fall within the true spirit and scope of the invention. 

This application is based upon and claims the benefit of priority 
of the prior Japanese Patent Application 2003-108963 filed on April 14, 
2003 so that the contents of which are incorporated herein by 
reference. 
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